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Abstract

Recently, whiplash injuries suffered by rear-end
impacts of vehicles have become serious problems. In
this study, the finite element model of human cervical
spine, including vertebrae, intervertebral discs,
ligaments, and cartilages, has been developed and
incorporated into Hybrid 111 dummy model. Also, the
whiplash injury mechanism and the correlation of
measurable values with dummies have been
investigated. The behavior of thisfinite element
model was simulated in 18 cases with the rear-end

impact velocity of about 12.5 km/h, varying three
parameters of the anteroposterior position, energy
absorption ratio, and spring force property of the head
restraint. The resultsindicate that 1) the shear stress
along the anteroposterior axisis most correlated with
disc injuries, that 2) the measurable values correlate
the shear stress, and that 3) the head restraint position
has the greatest effect on this shear stress of the three
parameters.
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Fig. 1  Finite element model of human cervical spine.

Head restraint

FE model
of human cervical spine

Seatback

Floor

Fig. 2 Complete FE model of Hybrid I11 dummy with

human cervical spine ( CS dummy ).

Table 1 The number of nodes, elements, and contact
surfaces in human cervical spine complex and

CS dummy.
Cervical spine CS dummy
Node 3417 9382
Solid 1852 2931
Shell 4038
Bar 7
Membrane 86 86
Contact surface 24 28
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Fig. 3 Input acceleration to seat.
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Table 2 Parameter of H/R property.
Position Spring force Egg?gtl on
property ratio
base position [1] base prop. [B] 0% [0]
25mm fwd [m] 0.8 times[C] 80% [8]
55mm fwd [n] 0.6 times[D]

—2#—base = " = 0.8 —O— 0.6
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Fig. 4 Spring force property of H/R.
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Table 3 List of H/R property of all parameter study

cases.
symbol Position SFP EA.R.
1BO base base 0%
1B8 base base 80%
1C0 base 0.8 0%
1C8 base 0.8 80%
1D0 base 0.6 0%
1D8 base 0.6 80%
mBO 25mm base 0%
mB8 25mm base 80%
mCO 25mm 0.8 0%
mC8 25mm 0.8 80%
mDO 25mm 0.6 0%
mD8 25mm 0.6 80%
nBO 55mm base 0%
nB8 55mm base 80%
nCO 55mm 0.8 0%
nC8 55mm 0.8 80%
nDO 55mm 0.6 0%
nD8 55mm 0.6 80%
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Fig. 5 Definition of various variables.
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. 6 Relative extension angle of cervical spine.

0.05 :
= :
= i
2 _ 0 !
£E ) \0.& 01 015 o2
= -0.05
2 o
- o . /
E ".01s -~
E i \J
0.2 Time [sec]
Fig. 7 Relative displacements between COG of head

and chest.
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Fig. 10 Zx-shear stress at an anterior element of
intervertebral disc between C4 and C5.
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Fig. 12 Maximum principle stress at an anterior
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Fig. 13 Deflection and zx-shear stress contribution of
cervical spine at the time of maximum zx-
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Fig. 14 Deflection and zx-shear stress contribution of
intervertebral discs at the time of maximum
zx-shear stress (1 0.12sec).
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Fig. 16 Maximum measurable values versus
maximum zx-shear stress.
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